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AbstrAct 

Background: Novel autoantibodies targeting intracel-
lular proteins are recently detected in patients with idio-
pathic inflammatory myopathies (IIMs). 
Objective. To evaluate the prevalence of these myosi-
tis-specific antibodies (MSAs) in juvenile IIMs (JIIMs)
and their association with clinical characteristics and
disease course. 
Methods: A systematic literature search was carried out
to identify all studies concerning these novel MSAs
(p155/140, p140, CADM-140, SAE and 200/100) in
patients with JIIMs. Results: A total of 1003 references
were identified, of which 118 were selected for detail -
ed analysis and 13 included in the final review. 
Conclusions: The anti-p155/140, the anti-p140 and the
anti-CADM-140 seem to be useful markers for define
distinct clinical subsets and for predicting pro gnosis of
JIIMs. Further studies are needed to clarify the impor-
tance of anti 200/100 and anti-SAE in juvenile myositis.

Keywords: Myositis-specific antibodies; Novel au-
toantibodies; Juvenil idiopathic inflammatory myo -
pathies.

IntroductIon

Juvenile idiopathic inflammatory myopathies (JIIMs)
include a heterogeneous group of rare disorders of 
unknown aetiology characterized by chronic inflam-
mation of skeletal muscle and result in significant mor-
bidity and mortality1,2. Juvenile dermatomyositis re-
presents the most common IIM in childhood. The in-
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cidence varies depending on the population and ethni -
city and is approximately 1.9 to 4.1 per million children
per year3.

Although the aetiology of JIIMs remains unclear, it
has been suggested that environmental triggers, im-
mune dysfunction and specific tissue responses in ge-
netically susceptible individuals, play a crucial role in
disease onset4.

As other autoimmune diseases, autoantibodies can
be found in the sera of these patients. Autoantibodies
can be divided into two categories: myositis-specific
antibodies (MSAs) and myositis-associated antibodies
(MAAs). The MSAs (anti-Jo-1 and the less common
non-Jo-1 anti-synthetases, anti-SRP and anti-Mi-2) are
relatively specific for myositis while the MAAs (anti-
-PMScl, anti-Ku, anti-U1RNP, and anti-U3RNP) are also
found in other autoimmune conditions and overlap
syndromes1.

The “traditional” MSAs (anti-Jo-1, anti-Mi2 and anti-
-SRP) can be detected by routine commercial assays but
have been identified in a small percentage of JIIMs pa-
tients. Anti-Mi2 is the “classical” DM autoantibody dis-
covered in 20% of adult myositis and 4 to 10% of tho-
se with JDM4. It is associated with hallmark cutaneous
features and milder muscle disease. It carries a good
prognosis both in adults and children5,6. Anti-SRP an-
tibody, present in 5% of adult IIMs, is associated with
necrotizing myopathy and profound muscle weakness.
This autoantibody has rarely been identified in JIIMs6.

Anti-Jo1 are found in 40% of adult patients and are
associated with a distinct clinical phenotype known as
the anti-synthetase syndrome, comprising myositis, in-
terstitial lung disease (ILD), arthritis, fever, Raynaud’s
phenomenon and mechanic’s hands6. These autoanti-
bodies are rare in JDM, however affected children may
have clinical features similar to anti-synthetase syn-
drome in adults5,6.

Over the last few years, novel MSAs have been iden-
tified, including anti-p155/140, anti-p140, anti-SAE,
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anti-CADM-140 and anti-200/100.
Several studies in adult’s myositis have widely de-

monstrated the association between these autoantibo-
dies and clinical subsets within the IIM spectrum, as
well as their potential value in predicting clinical out-
comes, (i.e. the association with malignancy or with
development of severe cutaneous disease). In contrast
to the many studies performed in adults, to our know-
ledge, very few studies have explored the frequency
and the clinical associations of these autoantibodies in
juvenile myopathies.

This review highlights the potential value of these
new autoantibodies in JIIM and their association with
clinical characteristics and disease course.

Methods

A systematic review of the published literature follo-
wing the methods of evidence based medicine was per-
formed.

type of pArtIcIpAnts 
The analysis was restricted to patients with the diag-
nosis of JIIMs.

types of studIes 
We considered all observational studies which asses-
sed the frequency of these novel autoantibodies in
JIIMs namely the anti-p155/140, anti-p140, anti-SAE,
anti-CADM-140 and anti-200/100 and their rela-
tionship with clinical characteristics and disease cour-
se. We excluded articles that clearly did not address
the topic of interest and all case reports.

seArch Methods for IdentIfIcAtIon 
of studIes 

ELECTRONIC SEARCHES

We used the following computerized bibliographic da-
tabases to identify relevant studies: the Cochrane Cen-
tral Register of Controlled Trials (CENTRAL) of The
Cochrane Library, MEDLINE and EMBASE. The search
was restricted to English, French, Portuguese, Spanish
or Italian language articles published up to May 2013.
We used specific MeSH headings and additional key-
words to identify all relevant studies.

SEARCHING OTHER RESOURCES

We manually searched the bibliographies of all inclu-

ded papers for information on any other relevant stu-
dies. We also reviewed the annual scientific conferen-
ce abstracts for the American College of Rheumatolo-
gy (ACR) and the European League Against Rheuma-
tism (EULAR) from 2011 to 2012, to identify unpu-
blished studies.

results

Initially, the search of databases as registered above re-
sulted in 1003 papers, of which 118 were selected for
detailed analysis and 13 included in the final review.

AntI-p155/140
The anti-p155/140 antibodies were described the first
time by Targoff and colleagues (2006), in adults and
children’s with IIMs7. This antibody is thus designated
based on the molecular weights of the polypeptide tar-
gets (155 and 140 kDa). In 2007, the 155-kDa au-
toantigen target was identified as transcription inter-
mediary factor 1 gamma (TIF1�)8. TIF1� is a nuclear
factor that, via SMADA4, plays an important role in
transforming growth factor-ß signaling and suppres-
sion of cell growth5. The identification of the 140kDa
autoantigen has yet to be established, although it seems
to be a degradation product of TIF1-� or possibly TIF1�,
an isoform that has a molecular weight of 140 kDa5,9.
Anti-p155 is found usually in association with anti-
-TIF1� (anti-p155/140) and occasionally anti-TIF1ß9.

Targoff et al. screened 127 JIIMs by radiolabeled im-
munoprecipitation (IPP) and found that 28% of JIIMs
were positive for this autoantibody7. Subsequently, 
others authors have detected anti-p155/140 auto-
-antibodies in 22%-36% of the patients with JIIMs (Ta-
ble I)8-11. In all these studies, this antibody was more fre-
quent in JDM and none of the patients with juvenile po-
limyositis (JPM) showed positivity to anti-p155/140.
However, this antibody was not specific for JDM, sin-
ce it was found in patients with myositis in the context
of other connective tissue diseases.

In adults, this antibody was detected in 13% to 21%
of DM, and was strongly associated with the develop-
ment of malignancy6. Although the anti-p155/140 au-
toantibody has been demonstrated to target the same
autoantigens in adults and children�s with DM, there
are some clinical differences. In particular, the signifi-
cant association with malignancy in adults, was not ob-
served in anti-155/140-positive JDM cases7-10. Fur -
thermore, also young adults positive for this autoanti-
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body do not appear predisposed to malignancy9.
As for adults, however, children anti-p155/140-po-

sitive appears to have more severe cutaneous involve-
ment. Gunawardena et al. reported that JDM patients
anti-p155/140-positive had significantly more Got-
tron’s papules, ulceration and oedema than anti-
-p155/140-negative cases10. Furthemore, Espada et al.
found that the children anti-155/140 positive also had
cutaneous vasculitis and suffered more arthritis11 (Ta-
ble I).

AntI-p140 or AntI-MJ (npX2)
The anti-p140, originally termed anti-MJ, was found
in 12-25% juvenile DM11-14. Evidence suggests that 
MJ autoantigen might be a nuclear matrix protein
(NXP-2 or MORC3) involved in nuclear transcription,
essential for regulating the activation of tumor sup-

pressor gene p536,14.
Anti-p140 is uncommon in adults (1.6% of pa-

tients) and disease associations have yet to be firmly es-
tablished6. Conversely, it seems to be more frequent in
JIIMs, being described in 12-25% of the affected chil-
dren (Table II).

Espada et al. evaluated the presence of this antibo-
dy in 64 JIIMs, and found an association between this
antibody and muscle contractures, atrophy, a worse
functional status and more persistent activity8. In two
controlled studies with a large number of JIIMs, Gu-
nawardena and Tansley found that anti-p140 antibo-
dies are significantly associated with an increased fre-
quency of calcinosis13,14. 

AntI-cAdM 140 (MdA5)
Autoantibodies against 140-kDa cytoplasmic protein

tAble I. suMMAry of the studIes cArrIed on the AntI-p155/140 In JIIMs

Antibody frequency 
Author, year Study/Population studied in JIIMs Clinical associations
Targoff (2006) Controlled study JIIMs: 28% (n=35) JIIMs: NR

244 IIMs (J+A) - 30 JDM, 5
- 127 JIIMs JCDT-M, 0 JPM Adults anti p155/140+

138 controls: versus antisynthetase+:
healthy subjects, others Controls: 0.7% - Higher frequency of V-sign rash 

(p<0.05.) myopathies and CTD
- Malignancy was present in 37.5%

Gunawardena Controlled study JIIMs: 23% (n=27) JDM anti p155/140+ versus  
(2008) 116 JDM - 26 JDM, 1 JCDT-M anti p155/140-: 

285 controls: healthy Controls: 6 ADM (n=30%),  -  Higher frequency of  Gottron’s 
subjects, ADM and others 0 others  papules (p<0.05) and skin ulceration 
CTD (p<0.05)

Espada Uncontrolled study JIIMs: 22% Anti p155/140 + versus MAAs and 
(2009) 64  JIIMs - 11 JDM, 3  JCDT-M anti-p140-)

- More cutaneous vasculitis and
arthritis (p value NR) 

Fugimoto Controlled study JDM: 36% (n= 4) JDM: No cancer association
(2012) 456 DM (J+A) ADM: 17% (n=74) vs.

- 11 JDM Adults with DM anti p155/140+:
603 controls:  Controls: 0.33% (n=2) - 65% (n=48) had cancer
PM and others CTD

Shah (2013) Uncontrolled study JIIM: 30% (n=131) Anti p155/140 was more frequent 
436 JIIMs - 123 JDM, 0 JPM, in JDM than in JPM and JCTM  

8 JCDT-M (p<0.05)

IIMs: idiopathic inflammatory myopathies; A: adults; J: juvenile; JDM: juvenile dermatomyositis; JPM: juvenile polimyositis; 
JCTD-M: juvenile connective tissue disease associated myositis; CDT: connective tissue disease; MAAs: myositis-associated antibodies
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tAble II. suMMAry of the studIes cArrIed on the AntI-p140 In JIIMs

Antibody frequency 
Author, year Study/Population studied in JIIMs Clinical associations
Gunawardena Controlled study JIIMs: 23% (n=37) Anti-p140+ versus  anti-p140-:  
(2009) 162 JIMM - all DM - higher incidence of calcinosis, 

123 controls: others CTD 0 other conditions (p <0.05)
Espada Uncontrolled study JIIMs: 25%  (n=16) Anti p140 + versus anti-p155/140-  
(2009) 64 JIIMs - 13 JDM, 2 JPM and - more muscle contractures, atrophy 

1 JCDT-M and a worse functional status 
(p value NR)

Tansley (2012) Controlled study JIIMs: 11.6% (n=20) JIIMs: anti-p140+ versus anti-p140-
172 JIIMs - all DM - significantly increased frequency of 
1331 AIIMs AIIMs:  0.8% (n=10) calcinosis, (p<0.05)

AIIMs: 3 had cancer (p=0.05)
Shah (2013) Uncontrolled study IM: 19.7% (n=86)    NR

436 JIIMs - 76 JDM, 3 JPM, 
7 JCDT-M 

IIMs: idiopathic inflammatory myopathies; A: adults; J: juvenile; JDM: juvenile dermatomyositis; JPM: juvenile polmyositis; 
JCTD-M: juvenile connective tissue disease associated myositis; CDT: connective tissue disease; NR: not reported.

tAble III. suMMAry of the studIes cArrIed on the AntI-cAdM 140 In JIIMs

Antibody frequency 
Author, year Study/Population studied in JIIMs Clinical associations
Kobayashi (2011) Uncontrolled study JIIMs: 39% (n= 5) - 5 of the 6 patients with ILD -> 

13 Japanense JDM anti-CADM 140+;
- All of the 7 patients without ILD ->
anti-CADM 140-; (p value NR)

Sato (2012) Uncontrolled study JIIMs: 31% (n=11) - Anti-CADM 140+ versus  
35 Japanese JDM - 6 classical JDM anti-CADM 140-: significantly more 
- 26 classical JDM, - 5 J CADM RP-ILD; (p=0.05)  
9 J CADM

Betteridge (2012) Controlled study JDM:7% (n=12) - JIIMs:  anti-CADM 140 + 
172 caucasic JDM + - 0 had ILD 
1331 AIIMs AIIMs: 1.9% (n=25) - anti-CADM 140+ versus 

259 healthy controls anti-CADM 140-: significantly 
and others CDT Controls: 0 patients more ulceration (skin and mouth;    

p<0.05)
- ADM:  association with ILD
(p<0.05) 

IIMs: idiopathic inflammatory myopathies; DM: dermatomyositis; CADM: amyopathic dermatomyositis; A: adults; J: juvenile;
ILD: interstitial lung disease; RP-ILD: rapidly progressive interstitial lung disease; CDT: connective tissue disease
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(or anti-melanoma differentiation-associated gene 5
antibodies- MDA5) were first described in 2005 by
Sato and colleagues in japanese adult patients with cli-
nically amyopathic dermatomyositis (CADM) and
were associated with rapidly progressive interstitial
lung disease (RP-ILD)16. In adults with IIMs, its fre-
quency varies according to the population studied: in
Japanese DM was present in 19-35%, while Cauca-
sians cohorts reported a lower frequency6.

The CADM-140 autoantigen has been identified as

MDA5 from a DNA expression library. This protein is
one of the retinoic acid-inducible gene-1-like recep-
tors and has a role in the recognition of viral RNAs as
part of the innate immune system5.

Anti CADM-140 has also been identified in JIIMs.
In 2011, Kobayashi et al. evaluated the presence of this
autoantibody in 13 Japanese patients with JDM. It was
positive in 5 of the 6 patients with JDM-associated in-
terstitial lung disease (ILD), but not in the 7 patients
without ILD (Table III)17. Sato et al. studied 35 Japanese

tAble IV. suMMAry of the studIes cArrIed on the AntI-p140 In JIIMs

Antibody frequency 
Author, year Study/Population studied in JIIMs Clinical associations
Tarricone (2012) Controlled study - JIMMs: 0 NR

130 IIMs:
- 12 JDM + 118 AIIMs -AIIMs: 4.2% (n= 5)    

83 healthy controls and - all DM 
others CDT - Controls: 0

Shah (2013) Uncontrolled study IIMs: NR
436 JIIMs: 354 JDM, 33 JPM, - 0.3% JDM (n=1)
49 JCTD-M - 0 PMJ, 0 JCDT-M

Muro (2013) Uncontrolled study - JIIMs: 0 NR
110  DM: 
- 13 JDM + 97 ADM - AIIMs: 2.1% (n=2)

Fugimoto (2013) Controlled study - JIIMs: 9% (n=1) The JDM case presented skin rashes 
456 DM - AIIMs: 1.4% (n=6) that preceded muscle involvement
- 11 JDM + 445 ADM - Controls: 0

727 PM and with others CDT

IIMs: idiopathic inflammatory myopathies; A: adults; J: juvenile; DM: dermatomyositis; PM: polymiosytis; CDT: connective tissue disease;
NR: not reported.

tAble V. noVel MyosItIs-specIfIc AutoAntIbodIes In JIIMs: tArget AutoAntIgens, And clInIcAl 
AssocIAtIons

MSA Antibody target Frequency Clinical Associations
Anti-p155/140 Transcriptional intermediary 22-36% Severe cutaneous disease

factor 1 gamma (TIF1-γ) Ulceration
Anti-p140 Nuclear matrix protein 2 (NXP2) 12-25% Severe disease

Calcinosis
Anti-CADM-140 Melanoma differentiation-associated 7-46% RP-ILD in Japanese studies

gene 5 (MDA5) Ulceration in Caucasian cohort
Anti-SAE Small ubiquitin-like modifier 

activating enzyme (SAE) 0.3-9% Not known
Anti 200/100 3-hydroxy-3-methylglutaryl-coenzyme 

A reductase (HMGCR) Not known Not known
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patients with JDM; the anti-CADM 140 was positive in
31% of them and a strong association between anti-
-CADM-140 and RP-ILD17 was found18. Betteridge et
al. evaluated a large cohort of Caucasian patients that
included 172 JDM; ILD was associated with anti-
-CADM only in the adult population, while in JDM
these authors found a significant association with ul-
ceration19.

The reason for the discrepancy of the results is not
clear but a potential role of genetic or environmental
factors has been suggested to explain this diference19.

AntI-sAe
Anti-SAE autoantibodies have been first described in
adults with DM18. The target antigen of these antibo-
dies is the small ubiquitin-like modifier (SUMO) acti-
vating enzyme, composed by two subunits SAE1 and
SAE2 of apparent molecular weight of 40 and 90 kDa,
respectively. SUMO is a small protein, structurally si-
milar to ubiquitin, involved in post-translational mo-
dification of numerous targets20.

In adults this antibody appears to be specific for DM
and can be present in 2-8% of patients. Anti-SAE po-
sitive patients had mainly skin and muscle manifesta-
tions, while the data concerning the systemic involve-
ment are more controversial20-23.

In children, the anti-SAE was evaluated in 4 diffe-
rent studies enrolling an overall of 472 patients with
JIIMs and only two patients were positive for this an-
tibody12,20-23 (Table IV).

AntI-200/100
The most recent MSA, the anti-200/100, acts directly
against the 3-hydroxy-3-methylglutaryl-coenzyme A
reductase (HMGCR). This autoantibody was associa-
ted with immune-mediated necrotizing myopathy in
adults and, interestingly, the majority of them had a
history of exposure to statins24. Studies suggest that
statins trigger an autoimmune response against
HMGCR by upregulating expression of this autoanti-
gen25. Nevertheless, to the best of our knowledge has
not yet been studied in JIIMs.

dIscussIon And conclusIons

The traditional MSAs (anti-Jo-1, anti-SRP, and anti-Mi-2)
are identified in approximately 40% to 50% of adult
myositis patients and in less than 10% of JIIM5. In re-
cent years, novel myositis-specific antibodies and their

autoantigen targets have been identified.
The present review highlights the higher frequency

of these novel autoantibodies in JIIM compared to the
traditional ones, as well as their potential value in de-
fining distinct clinical subsets and in predicting disea-
se course (Table V).

One of the most intriguing aspects of this review re-
lates to the sound difference in clinical associations of
these autoantibodies depending on age and ethnicity.
Unlike adults, in fact, the anti-p155/140, the most fre-
quently detected MSA in JDM is not associated to an
increased risk of malignancy. Vice versa, similar to
adults with anti-p155/140, JDM patients showed sig-
nificantly more cutaneous involvement including ul-
ceration and oedema. Of note the development of skin
ulceration has been described as poor prognostic fac-
tor in JDM, being associated to the involvement of in-
ternal organs26.

Also the anti-p140, which is uncommon in adults
with IIM, appears to identify children with more severe
disease course. In patients with JDM, in fact, anti-p140
was significantly associated with persistent disease 
activity, a worse functional status, and with the deve-
lopment of calcinosis. Further studies with multiva-
riate regression analysis considering all the other po-
tential factors implied in calcinosis development are
however required to better elucidate the role of these
autoantibodies in the onset of this disabling compli-
cation of JDM.

Why antibodies against the same target autoanti-
gens are responsible for different clinical associations
in childhood and adulthood remains unclear. It is un -
known if these differences are related to differences in
the pathogenesis and underlying disease trigger, or are
a reflection of differences in cellular processes and im-
mune function in different age groups5. It remains also
unclear if these antibodies may be mediated by ethnic
background or environmental factors. Of note anti-
-CADM-140 autoantibodies, whose autoantigen, the
MDA5, is involved in innate immune responses against
viral infections, were found in almost 50% of JDM pa-
tients in 2 Japanese cohorts; moreover, the association
with rapidly progressive interstitial pneumonia, a pe-
culiar life-threatening complication in JDM, was so far
described only in Asian JDM patients. Future studies
of larger, more ethnically heterogeneous populations
of pediatric patients with JIIM are necessary to corro-
borate this data and to further characterize the clinical
features and immunogenetic associations9.

To summarize, according to current evidence, the
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anti-p155/140, anti-p140 and the anti-CADM-140
seem to be useful serological markers in JIIMs and may
prove useful to generate predictors of clinical pheno-
type or disease outcome. Inadequate treatment has
been shown to be a crucial factor in predicting a chro-
nic course and poor outcome. By providing prognos-
tic information these autoantibodies could be useful
to tailor treatment according to disease severity and
overall optimize treatment strategy.

The current testing approach based on immunoblot
and immunoprecipitation assays are analytically po-
werful, but technically complex and time-consuming,
and it cannot be applied on a large scale in the routi-
ne diagnostic setting27. The future development of as-
says that test for MSAs in routine clinical practice is
crucial in order to validate the clinical utility of these
autoantibodies. Recently, the development and vali-
dation of a line blot assay containing a number of the-
se MSAs demonstrates important progresses in this
field5. Line blot could be a suitable serological test in
the diagnostic workup for myositis and may represent
a reliable alternative to more time-consuming proce-
dures. Additional work is currently in progress to in-
crease the accuracy of this technique27,28.

Further studies, on the characterization of the au-
toantibodies in JIIMs, with a special focus on the struc-
ture and function of their targets molecules may pro-
vide further insight into pathogenic mechanisms of
these complex diseases that in turn will stimulate new
therapeutic approaches.
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